



mm 



mw§mm 
■HH 



1 . 
















Library , 

U. S. Naval Postgraduate 
Annapolis, Md. 



School 






r\i wx LIBRARY 

mTEPEY r CALrrf ’ ' SCH00L 
EREY, CAUrORUIA 93943-5002 



r.-ncUTO'T »T k-jc-iw t Ar vt 



3j^ 

Earl Mf'-jtsutin 

&fc« tawaaiBrtfesr, v. c, jftny 



J^firtzxsafc orf .^erom 4to«l iaclaewri* 
Atelwreity of r ?xsa&atstB 
•♦iTjmyc&ie, ISMMe^k 



>'*Zpet i 9 1> ’ 



ha cC •*:» CtenA«aV ^<£*5Gi 

in srt^i * -I— & cT • < V» ; n*_ - 4 '- :♦ foe* t -* 



Ba^ yao «f 3f *ci» *jt-. 



«3C? oar 



* mtmsrs 


**€*> 

ill 


I* 


1 


n« of AaBflyais 


? 


A* SSw«7^ie«X 


a 


3« j^eraaas&al 


15 


1« * ^&XpC9©!3§ 


15 


2« $s©t groeo&v* 


20 


3» £li«*i**iaa of 




IH* OoMBltiaidai 


39 


2*7. :.ecce?^K^t.te^ 


39 


V« 


AX 



tuSL* 





Title 


:^ai 


Y 


S&otch of C^it2j2r.ic*l In Airatyoec- 


4 


tl 


SSm&tik off MUHi C^lis&er is 






a trse**B3?» ttlrsteroen 


6 


211 


11ieorartic?tl F2xs» wb*a& a Rotr.tisG C^lirxSar 




IV 


Cmt— i foe* a I efestlag C?l.t»Ser 


XO 


V 


rxarawcah .‘SffDcet an Mipm Feet# 


X? 


VI 


CalcTtib sfcXoa for Coster oT T^auesaye Loc&tian 


it 


711 


r *r«rasosiSj& ' ••iautrssaal {^K*J®£?a£h) 


jU) 


TOT C®} 


t&dol Cosfflr^«tion 


XV 


o>) 


Location of fern can ftofiiel 


23 


St 


Steals 0a&& Circuit iXs^raa 


20 


s 


Via* off $wt Ooetlm vi^i »j*«iri limited 


2X 


n 


mte nm &£ IStf*jaU»a tisdeX 


r^1| 


xn 


Prcst Vi4W off lasstaSXot: io3eX 


23- 


mi 


View (ftcMing t^.^orttag Axsk 


dk 


XT* 


joetei - om* in • ■octlO r S» 




V7 


.*rte£ riausaod ^ja^lpaag to T»*w*X UbXX 


* 


STi 


f *'/i 


ax 


TTH 


QlM^ i^L to v/y Q 0fc /C 


10 


-TOT! 


Or**!, v?s . *i 


X*. 


OS 


ttNQfet vc Y/f, ■IXf 5*5® 


U 




C^txxr off * - J&1M& EoXoelSr 


X 


.vl 


iii&iewgrsrf' off itvWl j>o-t > 


yr 



3 



m €im 



SMc paper irms o&i^stsea the ?*$nr**s force os it ooottrs 
or. $ rotating MJsr vith a coRic&l nose in £Li£it 

at &ig£i 4&&soa£e e±& at isatiX »stfl*© of attach* 

She cersarlsdR of cn^riaeartsal results with a sis^lified 
coEslyala ia&Ioaiaa that ffl^trlcsed 1» mcaamcy 
ia arSer to saa&ias&s the :4 sgqus fasoe* Aa enplrical crarac 
asiitah&s for the aoM. tested is pcaeontoA* 

Ttx) pmitSm of the center of pwseisps foe* the J&gapa tosxse 
is elao lavesfcigato&j m& os#: irlc&l &*!» for the toefcim of 
this point is pre*anie&» 53® !%s*itioa of the center of payees®* 
ims foaoi to he a fusastlort of rcSafc&mi mkscitp «a& «af£s of 
sttaefc* 

Eapertamtiil reaeCfcta caapsrod ftarorab ly wtiii the resets 
of pretfic&e toestd^tarsi #har» test ooodlttons vert toUaafcg*, 
Eavewr* xo pmlsat vork vu «**silal&a for ts» tests at awall 
mgkm of artteck. 



use or cxmu 



Tvm stsnasa Wtoclt? 

lr Q (fcMJKaGMKI t Of tO CSl8 Ct? »3Ck& 

& 2»ootti tME^Bczf^O. t^2^cit?7 at aar&?c$ of cj^Liato 
to i**2^ l^aarjrass alrflov 
V TOlcwHr of tfes cgrlia&E? «hrDmx) 

V^, Tartar Maefttr «t vo&Lm xsafia? conaPtoatlca 
^ SteStl Aaei*i iretaJity 
M ii«& JMar 
w Mgsom: wil&city 
9 tSbsdSxttm pis>at&ce afc any point 
Sta^natim paseaffca® 

Pg J&aois&o static pmm* fci tte ££©e *3tzmrj 

p 

L Map** T££act «r Jl ogrsu© fom. 

P Ciscolatl x >. 

C^ tfsgnuw X^ocfc coa£flcisa& baeofi w & 8 
% Mr&paib . ^toet aaaftlaljab baaaft m B 0 
0^ fegppjjg EE&xj* aeaffacSao* Hr iaflidt© tti&r. tfafcAo 
■qta Egnaslc pi^Mtre baaod m O s 
^ Eyaaasic pcmwmsp fca*j& an 0 o 

<x Anfils of *tfc aoCt, ^eriaod •»• antfto Mam MMi 
wl^ity «*aft the axla a; tbs collate 
0 pcwition oat esrlt»le8r aflM trass Hi 

paint of t£tj c^U^-csr 
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loss 1 or czmrn 



r ■ Mmtfrm 
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M*m of asM patsflLo (SB * Sr * Si) 
% atgaoMto m&m r 



mmto -r *• - a# a bct or 

KBfCSMSSQff A5 WiilOUi &&UN1 C# J&2ACK 



UK8K»NCtica 

Hben a tartly at smaL^Am t rsah *• a ejltater, l» rotate*! 
abotri iv» axis of rer^im and la Placed ia «o& alretrwns per- 
. ^aaftj&ular to the sad.s> a farco is gsneratad «££cb • s *r*«a4I* 
cular to tks aim tfocra direction and to the spin axis* 5Ms 
fares is ta &Mf& Utogs# «s .Ufifleet' after Use s&n tifc© first *mm~- 
stcttte& its as&stsM* la l^X (1). 

tb© devalficnaot of tha clrsalc&Ioa t! soory of lift by 
Erancfcl {£) broislKaoS. ti» theoretical of t^o .' -&$&.*» 

ifftet, end It .h&t tarn aeMrC£s£ly ratte* closely i&reivfci^steti 
*>. -Use aaaa of tha ar/ia«i*ig collates vifh caHgae^lwrtly low 
tnoed airflow fer^ja^ioiOjar to tste «£&& sols by Sets, Bald, end 
&**£*»& (3*&)» Wtese fcweoiifktlaas showed that rsaaeSaskly 
hi^ lift efficients ver© obtalaafc.le sXthnnigh at the oeswaes 
of eaaslrtrts^ie dreg* Tbt fact that the -a ?m fifJtaet cm be 
«f ocm&t&rt *%& m&r&b *«5 to has '-raa^fcad sovml eoassrciel awe •*■ •• 
■•aaix •* the nattaer l*ctar ra/ »*aad ua !mfcx*a» turns' f’Uce* 

6 SnalSQ '^roJastHee ®e . ‘fi^oct to ttavw wijwmsi • 
t&OTO ;: • f/ tcrarir^ErsK? me - *iert of fl» w*-’ t a body, Uo a 
Ujd ai g p .1 cza3» off this Corea Sto* ajj *a.v ..dcrod •»»* <- javarl- 

so* to yroawal-e fffcnses of ta^ bv*3y f ; ; ^u> j*j- fcTwrtJ.- 

•pv*. “ '^xry'iQ dy $* x -jn /actala* «wto*UL.r 



wA Itemmar, la certain dmia.)s& 

s&acilas tho Kgassttza has arlass of the izpceftanoe of this forco 
to t2j© dsndortieai of instability* 

Xt la the purpoGo of tM« pamper to JMmM&igBfs the 
a^nfttadi and pooltim of tbist force iSK^rar m It ocscisro 
o& a Deoie gaoiastrio aha^e i&£wsll&*g «fc g&asotxlc tpoodo 
c& a wall szs^Ja of afcfcaefc* 52» aoM. eoofi^srati oea to Do 
tanM la that c£ © c^Uu dap with cooloal rsoeo* 

Botatloo of a tot/ i» a tmzsnft? tso airflow ©Iso to on 
effect on drag since rotation Das • prof ocesd sCflscrt tpoc 
the character of oepsratioa of How front t&s sarf&ee* Tbo 
effect m tog £a tc/orai the scope of tfci» Dot ia 

«tjy ovsn&l msC&o 4« a? tho aared&aasic efttsct of ratatioa. 

It wtfflA to ?« considered* 

-^rociotion la t&jpmmmZ t® 2a?o£e$8OT &sitn B„ tassaoa* 
Adviser ead ISe®& of the Acataa®c ticel fcas & ws ri jag Begjortaaesit, 
Ifciiwailir of Hlaneact©, i^adsr whose direction this Wwsi* 
vei wrttftna, esad to staff rwabars of the B ea H S B M nfc Ensenrofe 
Center vlo ja-aistod li the vXaft tasael er^pcrlageital wsnfe* 



XI* *S2RH» 

A. Theoretical 

«t Gsaet l^aocerefelcsGl ecj^t&tiaa of 1S» ,? fe^af2B Effect" 
force ia the esao of a Doe? of revolt iUn at szs aa^Lc* of 
attacu; I'WriBs cogitated, if not t&^xwalble. feeerve a? 



tfco wxSbotr of end tsafesawKxa izwolvsKl ana ths eoa» 

nto bstaNMR thea praaeeA €£ff&ff&t aetooRticaX 

IwHw >, It 4% therefore* accessary to rely t^*3» toosy 
as only ft T&Hfx to ts» m&xttndo of farces 2 jsk& 79 & 
and to r«2y oa exjcriaMsbal dels for issfoct s&tacu 

Acoor&i^jJyj £* 4M# psg3*r a thooreilcal 
oC tbs cartes factor© w&ich affect this fore© vUi b& gtipm, 
sa& then tbs aqpariMsrSal reawXt© of the farce as fes**l ok, 
tbs aeM, uSXl be ftiassbostiU It vill be oeaa that tbs Ow~ 
yartasstsl e^ssMBt oaft prccotea era a^tablo to practically' 
isay sxXksl eaafltfBra&lMi ta& test c<SRSiit'ime# 

$be body to bo dis&WNiod in this tbsarstisaX aa&Xjpsls is 
a cyXin&er vith cfloiocl rooo set at a araaH aagSo of f&toMt* 
eptKilos aboat its ssiffl and trmrollijjg at *«slocities. 

(Figure In} Sl» -rdbibao Is to Jc ta ml as tbs sm&tiX&m end 
location of tba Hag?**s Ztffiect .fares acting oa the bc^r* 

Tbs obfiesca tbeare&iesX es&xsmih is to datemias tbs 

o**er tbs suedase of the body, * 22 $. tbsa 
to itztwcrato tbc ct*|?Otts«t» of yrssossra aotior In tbs direction 
isceaal to to fsao^atrrseas. en& tbo ejrliaaar sheLs* {Tigstte XX*} 
If the coqpaaaat of fiw-cftm; air llcsr pwae i&i&j&az 
*tu t?» cylia&sr sals ia ccra$&3teT®& to u tr„ only aglod :.; 
oceposanat affecting to tfasrrsjj fs:.oc^ to prdblm as t^‘ 
be a&^ffoacbad «s 'to analysis of two di»»«i*oaX flew of air 
Qffar c loos rofcstiag cpfttatfor vttti lt& a&i - aossaod. to to 



airflcw* ££•) 

Aa oaalocsre flair ffcald Is fsxw 

t^oretioad ao^ltara&ksis for d fas Jiprswiifea«y am-viscacas 
fluid by Xtealtl (2)* tStls i« acoos&lls&jl tgr tte sugsr- 
2os£t£mi of a Tsrtes. flow aaa tbs flew aberit a oyl&sta* with 
ta» final mtocity at ac^ point &&&,% tbs sna of tSso t»o 
sw^ss^osed velocities* la this oast, ths fare® .t»y 

be ©coc«feo& as foiled: (Xu fto rff ar aw a s s , tbr> f&rcs la 

oallod "lift", but it -gill 1x3 rcffcmrfl to here at Hagm 

f^v©*5 

Xrosi perfect fluid thaacy for a poa-rertotiog cyl^iadte 
t r * 2 % Bia £ 
thsa V * 2 y o si P+Y, 

At say point, by Bera^IXi’s Bipetto; 
p * , f (T S - * 0 ? ) 

total Sffsct fwrwe p*r salt apses bmscamn 

X* * cizi^ r &9 * $ f (7 ~ ~ i c *)r sin* 

» ^ f r T 4 * bIq 0 d* 

~ <f E£ Ik vJ* sine + k u a 7L n>izi9+?^) &me && 

<V ^ 

:^Ef'J 5 7 v ISA# &»* ZSfti^ [ *>+ *£: 

■ WfS^.fB^ii. ? T ) 

H r d® « £•*? t v {eftnaMMM) 

t = f r 

Sen* aA^rtmt of this result is rv’s&T'-A • . nr* jar to 
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FIG, H ~ INFINITE CYLINDER IN 
I TRANSVERSE AIRSTREAM 

i 



anpSy it to flm aeto’4 e odiU fcear* A ztfjafc? in vaterUm 
aet* a elxculatoy £to Safest its»3f <&» to viscosity 
«Kteet® in the ooft tzitAlm ’befcwwa the osrl* co tnu to 
fX'siid*. f&Lst flow, Iwwercr, cooD3t- fee toetafi ia to warn 
asa3Dr »s tb* fictieS^as tarfcas Hcv, boosim i« is de^aotast 
an h&ss&e&j lay&r velocity era! sBraeeisre ^wfiants* 9ho pro* 
ceeo t>y sMdh cirmalatloa la to^iapsd &oo«t a eyliri&er i# 
glacri— & lay ftrsacItX (2) nod (MMaMa (3) vitk to eaiclosim 
that to <xircn3*tiica la&aoo& tor * cylinusr is $mt half tot 
a? to ©^aiiSieejt w^r^ w w fa ssstox lao&te* *rtfst i«, foe* » 

/* w trr If* CMl f 1 so #Mn£N% to fls* pattern 
osasr a rotating! <$U»isr im to asaas 03 nit* wtei ftor et 
to aasn imlxjG of Z 7 * ’Tran Goiaetjoia (3) «ad es aoea oc 
F-!0»e HI, r roaebBO « seine of %irr ^ to ioaSiag tod 
trs&liaf points eotac&te* ^ a ^llsdaar tfeis 

ocrdtioe giste® to o^atlmi 
7r 7 » 7TF 1 

OS?, 

Fos? a c$2Jbtfar, iSxLu sepr»e«£&c to condiioa for 
aeadam l^sia focsse on to cyliafe"** ' ’ ^ oondMMt i* 

' ' cr Gd&Jtsa&s (3)« c fua'toa' increase in 7 emrr±%m 
SSsOA ca^lertely arm* to cplfcxJS' clfntoiii* ljzx*x* . *i 
«f to ayii-/- r ^orf x- v and to ft?co a&rotta aJr* . 'io** • *», 

x- ftartor series act to ’ifcick v£H Ss^>» 
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Goldsteiii, S 



Fluid Dynamics , Vol. 1, p. 33 



occurs in fa© feonntsxy le^xr* 

It is ooeswaloat to tn&Mm ffacMS® force in eoeffleisat 
fans* Fes* tfte jsra^Kit, tM* aoaCfietat irili gives* Ik 
taros <»£ 



2a^erises3fcftX $eta <n irctat&ag e^lla&srs «s *l?ra ty 
Cel^rfeeda ( 3 ) is jfiresoatoft in Fi^sra I?» fSUs «.i»re tbet 
cwn vit& eo 3 . effects altartnBttft % tsslag ksk. diuka^ the 
c ^erizosatel tatos of C T mm &xa&f*.w& loss them t;» the©* 



f&fclcaX itim cm clvm sbmsj *a& « mssSmm C T ^ l £*6 Is 
cot reached* 53s© roraoa x\k* tfe£* ^isevcpm^ ; ■ i tw toi i r Hue 
la the fact that *«$emt&*ft. cf flew effect® «atd irleccwiitr 
«re cot <xm±<&rz& in the t&oocy* 

CalrslKfcltsa of m,pozvfclm effects issseM iawe&Ts Seter- 
aifcast&m of the area affectes* fcy wos&z&bm m& fim pzoa&zpQ 
la fils era©*, tr • .sa? oil*.* - ^es for «Mi rrofciags ersis*- * 

Xu the case ol a eflMer a? finite togth, - toe of 
,fer^pu force oecopy to r&Xlafp of israetf'.srs otwzt the 
cn&j* Xhr lost here ov. - * jjzmiTti^od. £n -bo oes© amaaer 
m in airfoil tbeesy, Vhich Is jse©w*sf*u tn detail hy -r**>fcl (X) 
au*l • dllifon {$)* Srtsfly, that. tip wprfctosB Inf tar*> * oc*3xr^«& 
velocity iMelt chesno»> the aog&e of laclspaoe «;• j:*. trwao* 
verst vetotuT r •amj ctfH&kzr. «* *■=-•- .-*> tulreefto 





FIG.T\T - LIFT 0!J ROTATING CYLINDERS 





Reid : Aspect . r;. t io 1C . 5 ; . Reynold _> nui.be r 
5.9;sl0 4 to 1. 16zlO r ' ; no end disks. 

Letz: As,. ect rJtio 4.7; Reynolds number 
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Fill- Dyxj. mics M , p. b46 
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as* wail, asy t» igr ta&lns the dosfe*?! 

ccsposaorit ccT tbfe dWM ■sector * feat is: 

C- *" Ct cos a oC 

b <o 

Free, IKlli3i«a (5), a flttMi feE5K3ai feer >a<* la 
<&ta&ao& nfeleh &l*ss {joel xanttfea for oocfficricsnrts 3oas tiien 
1*3» 

*<*-* 3sg. Puis) 

!£&£» cxpB^lm im teaAvaA wttfl* t he of assail 4teaa- 

isasfe aalaatt&ss* "itfc iarjer H a gans £ospc* coctYieiocsfti- , 
thte assu^t-aa Is so tagcr mild* Flcfs-s 2?F illssa ^ w sto 
that aftar a cart&ia £*cis& tur'&mr Smrm&m la olrc^LKtsloa 
protoc a ^©croaeo in Mag&a fosaoo* &a of this 

affect is gltan la FJ^ars V* 

far this &S»3aa&lcG baa ass mod tfes alrfstaxsaa 
tirssotdcei to bo perpaailcalas* to the cylinder aaS*, feow 
the «fe£ tat of this r^per is to osmaite a saoclal vith its 
«d • at a anal! of «tM« 

3jT aso^ofe*! the oo2y fiot/ acting to be J -•-/. cra^ansoi 
’^^enSloulae?' to t*» a ds, aaac. error la lartro-X^x * £2*5 
e-sfcccr of this ©rrcsr esca utSSy bo fetestitaafi fcgr sowar lsaessfc, 
b**t it -•* nrcfce&Sgr wall aa ia&ieatwi ir tbs fbllcyrtae snalB« 
Mrs t, •** aa&al oa^onaat of tlm ggafe a ia ctd? ~-' *L2g 
fi-jos^trlc prsasoae &terfcrISEfci3fia siElcfe ***3l£ 3aar :•• ef*$ct 
oa the rx^Bya^ytrls £or*oe t&ich la to be =r» * 
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FIG. ~yz - DOWNV/ASH EFFECT ON MAGNUS FORCE 








Infinitely long 
cylinder 



L - F cos 



Finite 
Cylinder 

U 0 rotated through 
angle ip by downwash 

An increase in circulation increases F by dF and f by dip 
Then, 

L+dL - (F + dF)cos(ip +■ dy> ) 

Since cos(ip + dip ) is a decreasing function which decreases 
to zero and FtdF must remain finite, a point will be 
reached where 

(F^-dF)cos(ip +■ df ) < Fcosip 
so that (L + dL) < L, or dL is negative. 




Octree siblXl'Iy aoad not bo tmmLA&sm&f fear tbs 



velocity coaewsant immmM&oimr bo to an&s uHI be aaf- 
flcior&ly a»U *© tot it arasr be asstsaed toeaqeeeesi&fci* 
vritft a wm* x JMm £i*& stows Sash fcsfcer of on®, soft # mz&«a 
ea&lo of attach of 25°, to ctoodkCLkt 1mm « aRxtaxi J$*e& 
Unixrr of s&sat oacMsoHth. With this cza$u*£k*i fJaeb IMbcr, 
-to iMOS&awx error iatre^ioed bj uoo od? Swesactfilli *r e^aefcioa, 
tortasafi of * cc^iroeoilato ©qaatlaa* is fesaod to be For 

the mteso aeratem cm&lttozm the error iatro dasad t$- 'mw&ig 

2a 4e**2asp£*W to flew flail .vs M tc 
ba bees theft 3f># 2M* imh» cawpstod fegr taeniae ds^eXopcd 
tgr 3 ew er (6). 

Tr*> coster of jnmmni for to ISagoas fvrea caa be 
eaffeisested b? eooaotas a f o w w wc* distribution in e£&&z&mo& ^ 
with the fosjegsins disetaaeian and csslstxlat ins to pcwiticcs of 
to r ee uH w a i t as shoata in Fig«s?o T£* Top the sort letter 
ecn?lg«rafcia& tsa©&. in this ta&ot Icpt&sn* to octtMiaM to- *m 
i sr« o^ual for ©ash es*v j that^cro, tbs css&sr of pr&&&om 
at^foid be In the stwe jpleee as it eesilfi. Ixj vli& no sari effecAe* 

It Is aooMMcgr to Gavol/cn e coefficto^t bused esi froe 

* 

arfco^i * ! Polocitiaa (& a ) *> u aegi~«tf aKseicml pareaetor tte 
•’.lotting arad eotgatriag xvrtoa. - ianataCl. malto* «ad tbs*>~ 
t -fcleol ^®X*' - * She coefflelifeBt i* : 

% * 2#/qp rh3re x * . £ 
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It is assumed the end effects balance each other 
so tnat the center of pressure is in the same position 
with or without end effects. 

Taking area moments of the pressure distribution 
about the zero position: 

- (kr 2 )(r)(4/3 r) + (kr 2 )(7r)(5£ r) - 39.833 kr 4 

then 

e - ->M/<>A - 39.833kr 4 / 8 kr 3 = 4.98 r 
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FIG. ~VT~ - CALCULATION FOR CENTER OF PRES EURE LOCATION 






float a m&fag&e tlx 



fcai^wring proootes ia tseefit 

c L . V-r> 

i • f# r 
r zirrT 



% * l 's Sl -1 <* 

t * i P »/ 



S * 2 r s X • 2 r 




to ©c r r v 

■ *^***«» »' * W M I| * 1 1 1".' —» ^ 

I f ^ s * 




OC 



■tor ^/yls&j& o<. 

la a palate Rjt «ee ia « = L . 

For cce^pe^'iccy* of C*o data of t££c tsrji vttft U» 
too dlBscisiaijel e^xnrlsascj^a of t&wI&m iae&rt^p feers* tto 



eeefflclmfe CL (aXsw&gy tfeflaod) win b® nood* y a ewebs- 
**sfc£oel deriiwfciasa olsttar to tb» obs &xmi f It ij that 



*t* ~ V A g 

so tSafc t&o factor ^ -Lr &"**ttsfcie ,jr*crt,: for ibe two 
ui^asntosrad octspori.--^, 

1 - . -ja ^ypt 



ftoti war© osafjctod to t* : rvms&a&G "•'b^^aoi 
at t.-t ’scoaeisu OMr of* r Lss ^n£*-^-siV «* r XLi '•'**>> 



5?bo -'iMtssmzlj w a fisaosa ia rigar© ra> * ©r, ^icoa fX® 
&>»& la 4Mt air ojeetesro dcsMtran •■>* ifc» wija 
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arofrv* a l<rst 'r2»er -n &r>s* vois'a _ v r^v*t tSa 

toarfc wacttf&n tem tho sfcv>£ r*r$. 25*1 to at a»ct|<« . 

IS* x 1^% arsi3 sr$ttoaiz v*»oGr *«*p t» :*=fc*r fcfe 

vitb lit aoM. of tJ£« t«a&ft4* 
f!» uMi^ ft > tt&&b * sfl-h a em&itel «cs& 

acce« stories itst tfnwu vita &Sma& t» la F-- •* *• * vin, {*} 

sa& (b)+ Wm mrfmm of tb» sasd&l «m mmT* ateklaftft «d 
pollafoa^ ft4ta fl:rf esafiKC^ clot^ *C5te ra5&>l «m; MlAoir tmti 
fttML vith taro afttc of IxtXX bwcrSafs mar *.-. * for^ - end.. 

«h& tte#© 'beerlr^r. ww sooo&tsd on irtiftt* TW .*■ ...j^ag ir 
to?a von eirtcr?S©d rsarstertSs fraa t?sn ooaeX *» riffld import- 
2"c arae *&ksfc «oro %o£M to tbc» t»^ e-^etXe** winters. 

M ftiy r&otosr Wes at %*&m& to tte re»*r end of M* % * sfc&jr, 
aso£ it provided jaotftf* jammnt for t? « cji: « *r* 

Sks^sfJft wmi trttaasXttod. t*a© «** - to tfco *o*e V ino 
cyXtftiftr fcy ecskss* of ft l/l' dltev i> =>= teteffc tetfefc ft a atel 
ts«rcfeirr- ft X/" 5 ft3<*ra*t>jc fcoXft tor >r *j.trc sloftfr * aaciJ oi‘ '* 
»tt3S- Fist a STfease® vora *** vL-aad wt *fc».r>s «utS4MML 
lift) fttiHS a* jP.-v=W' '• T -jTc^s VSJI, «!*J aftor* w« 

ft»ft*fc#& on t'joaa ^srfacsa*,, De+xrSiml -aft* fr*t» S?te (sftr*w 
»**» t-ro* 1 la 3* -*rr.i< *--»» ***- > u ft* • . - vessel to ®ft 

tetenaai cirevSt:. gs<p di«i'U «*ro rffeflfetftto*- . r1d<te 

* a;*^ atoftlt rsd^JC*-* i-* *; 

-^t c " a .'4tao«K5't^r* SS3-, cunf >lt wr, T \-*» "or «oc i .,<ir 

O jUs ' «, • CE? circuit 12 ( - • r,. *> Z\ m 

Site «j ft'-’^aftor* •:• •: t- - {<* la «tetf,o *a 







1 



FIG . yTTT(A) LOCATION OF STRAIN GAGES OH MODEL 
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FIG IX 



st it v in gags circuit diagram 
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f&) asacrjfclod* w& (e) isoMssr is a 

pl&tacras&B c? : to XX? » v&jrr*#* t© ’.Atiek Mo 

i33<l2X tasppcsrfciag arsae ware attached eddd Vs rdfca**»$ so tbst 
tfco aegis a? cttacfc of t?» ssasdel wr* aftanp* in & wrtioal 
%&■*» by rotell^i th& vin&ara* Cq^Mwaa air w&a tf^Xiud 
to tbo sir sKFtor by a isawo c&mmctlm. at tiao raar end of 
tla© setoar, and tSo raster c^aod «&& ra^Xcrtsoa by toIvo la 
tV> csos^Msaari air Ifesa oofea tflb t£fcs»al* 

tBte loto of a£?ta aes road ty * *s&x$x&cape' C£!co~ta3 
by am dh^srsAEE* at a «3s*la*» A paisctod spiral 3ia» m tiau 
«ML pcoriM t3p rsffesrao^ for eawtfe strabaoscsi-. gbao?** 
vstim* 

0pe3ttt&& XS*£t* of tjO aeposartos i#ara as foiXtosi 
Sato of sroitt •* 0 to 29^000 rpa 
A«gto ■a? attach - (0 to 25^ 

VSa&tfaMl frws air afereces • !3b. 0 to ,75 

> oea/ad a*ran0o?*?sf- for -^tx&iag *•■ wU vas sea®* 
on that ti» no&xl frojactaft ie&o tta& ts*s»X wit? tt» «c! ; 
'scrpct^cnlar to t!» at: ate- t a , EiiA# azsnosMNMk Sn afwwa 
in the jiKftnsr*^ : at* f ic?ss® 7*** f m t&mtsmum totwooa t5» 

Vsa© of t&K) e&dvl a. SS»s « inJbtf fsoa It -'rojarfcst 

*< l/i7 inah* XV ct^*in gaggo* w-- ** ’ ^ ti^osl se «.■ *•>• 

4 

wiatiuw rorcsa «cfcls£ in tbo 23£»7 &&a: ^cv^Mc^rlj f# 
tU . « - -.tr - - -j* . totlv - V* • ;sls. 

\» i’wsfc irooe&XPS 

X*< iCalU lags wlr+mavu- wrXc.^aruai 




FIG. V - VIE 1 // OF TEST SECTION WITH MODEL INSTALLED 
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FIG. XI - SIDE VIE*". 7 OF INSTALLED 110 DEL 
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FIG. XII - FRuNT VIEvY OF LI STALLED MODEL 




FIG. XIII - VIE 1 *'/ SHOWING SUPPORTING ARRIS 





FIG. a IV - MODEL SHCLN IN SECTIONS 
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TWO V IET7S OF MODEL MOUNTED PERPENDICULAR 



TO TUNNEL WALL 



c&m&slm. of to wxm&a <£a . TtdUi 

ixsMi asjca^Ms&ofi ter cg&AyfciB IsxJsfo foa?so# to tbs *a§*J. aeS 
reatof c^rr^Boas^^; ^TiGieioataF *»f$©ofcia»i« 

»&&&xsm 1 i«sto!iv c&X&et&laa * . utem >» pr*» 

^rlcm otiL£*N*l£n M of tshe ^^saaeaoat • *r»v. Camw« 

Tbe isooel ip*r aersstea io *Jm taasoal, oefc r «d wrij of 
*fc£«e&* «a& a rrx •»' r . joe ' ^hU it.-^ <ao£ ttart tae w£n&- 
HammX vr-A erbatr* ». * v&rs . tS» gptamsotKSPs 

at foser *2sdfc*««aiL Q&zwg*&*3&» r S3m taacal Uw ms aboprotij 
12» «ssc2® of arfctec!: «*i rate of 9^ ©sS iSm 

tonal *& «g&l& rtagrtad* proofra* wa rxcoafc*! tirri**fc 

ta» \«rto» CCBDJ/.-U3KS8 to g£s© all. t!R mx&mmzj 0*t&* 

To mlieo tte &E*a to *J» fora dus rad, t> o&WPM'tor 
wasting* *= r catmffte& m» ,. wf thoeo aon -ao- .0 
c*&snX#fc* tha * • actlar aa£ it 1 fm**r «£:*•.* 'ro* 
la ante to aegerst© c£& itwiii ov’aar t2ao Itaga 
taros, it nets x- to ^i«s5a tkr. wsfaol fbweo feie * • 

&.*& 00 L to «5^UcsE3ecit cff tfe© igr*3o i essi -wt d* * 

svMbn. rfazMt£r**y tsxem *—*33g8 mr*s -*wn at ssor* a&&n 
12a? wsrtouo «nc2^ Eto-aa., wjjos, tbc %^8>io force 

jtfws \ ? 03 II ^noctloa to tbo oacielj xroal ' < •• ■ 
l5®o*»afc xf WaiA M3*efcSaB» ^rta ». dL^cfae*^ 

glvls$ ncsml feceo© verm •- *g&j a* efctto-, T \tt •«ch Sfcf^' 1 
done* *e*5^l ; a ctar^aarpastilac; •tflecMe '•e dfct&ioix' ’o 



4 



m Form mm2. nmmnc&b tto sts&sl MimbMfim* 

•’lt& tM* M30Ctfc% «. XEeaaX faea* m* dbtaiaac silica iw 
mS^tractsd ton t&e siaMmi. fbnca to ^Laa tlx tree 

YS*$ fUa&aa ftxeG& was ttei cas&erto* to oosffiel^Et fmca, 
eras the M* plottod cm ipss&s* 

vith tao saeoaS aaraqg » *ogfc in tfxleh tJ® ssadeX \*s» 
;2«ar<joOoalar to tha at r *$**»% tias tecta wkp ys» «t Sn» 
sis?^ vsXjcitlm qo^t^^^oq, to Uss crosD-flcv vatoitsr 
drt^Ltr^ ja t2» ftot i^stjs and «fc ths eorroc pandit i^ivtoa 
{T«odc^ feedbag sod s^ototioG erf 1 data vac &ece#£Xls*« ■ 

.la t£» amm mmnar aa ia t*se fto* aapartm* vttSi tiv- as- 
ca^t&ot* tJ*»t i£» ccsrs^ctloss fesr wxsol denecticn m not 



3. Si#daa«l« of t<-/ a$o 

rt&ssre XTT If o g&a03xSC83L ’ roeentetto of i*r^*aus 
flacea as it agists at *w&Dr*» *». ^aioeitfcas, toe* 

rts&m mloeitla© srxl angles c. attach* SMLs £$&&% «wa nro** 
p«wd ton data in t!» MfeNMag xanoatt Kadi >asber of 
to *7^.5 periphaswtl. wslocitioft of 0 to 173 ft ./sec** a^nZos 
of of 0 s * to 2^5 ' usgpoX J*j Stafee* {too tfistam) «f 

2.., ■.. X^ to - .0 x 3ff * 

i v j Grfrr to ©sassLaei t&e r«&tfcJmagifc V - i -m w this date 
ct too tf» aw m w gi ftesfry di«r-«^»a ^r'jaj^f, i* *. .*■- 

*v> -*tt to- t-® l^t o “ra a# a £tinctl a* of ’-mc. <r^ 

- -rv x»loci-’iic j t. jftm cn i "TLI* Xn 3ru it 
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FIGURE XEZZ 
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Is tJsatr at aorlas of a£3*el& groete*- t£na 15^, 

'fal^oa er© zbtmimd. v&icS* Iskps b ri»uite» to 4 2» tho©~ 
xpt&salk ©sheeted wlaas «©J ^Stldh «croo reawocaei^ mil 
vitli ti» data of Bats itt FI$a?o XV* Bswafvwr , as tfe© m&& 
of s&tacfc is &»«?-*••€; fegsis'dar.* i* ta&oased for 6 
glmn *A* 0 * SSjse© is m mtiy ea^&Mt&sii for tM» ©ecwp- 
rsr^se* -oosdfci/, at tj* lower aeagl&a of cjfct*c& tfts flov 
i«o3o to aUsa lta&f Pith. t&© collate mzla sea ttm& tim 
•CSoetim croeo-flou i» ta® than tar craac-flot* ccs^xanerr* 
of tho £»» strseso wtitoailor* 

£?# r©3J4&iXltgr of tbe os^crlssia£a^ $o£Zz&^*~ cx$2«v»>; 
is trartfled Isjr a csxrarriaoo of -* cans of Tir-^. XSX >a 
t£sa o cr ae 3ort*; In 'i ^ IT* 'n of ttas© tm &xrms 

caps ©isrilar an* tie cistpos tdiM« jasactlo «X1? identical 
ra?£&.t* It. t»» mvp* tests’ * 

'igm v mu ctsoesfos t3» -Is^psae fw w n coeffioiant m 
a fuxstim of softetlaosl ©tlawlt?* tt vto&m that t£» ft*©® 
%m*$m gj^ui .Italy Z£a&i?3y wit soMk^sna 1 TCutee&ly »a 
ccpactoi froa these? * 

la ijPorwal > ti» Mi j$n© a side alapareiai. of points 
csa tho gzsgtes go that tte #ar$©ffl c*ta h* rogpr<o& • iiidiaatetag 
garaeneal *»-• -r*t specific *ml * - .» fhu .-re esse^tiaa to 

this is the data for f • case tfaer© ttv aad* a? agifcl me 
pornendl fiS&ar So tbs air #~*©6* or the rdatSws oogto of 



ttttaoS: uw 2a this caa» tfto wbo ac^^ret© aaC 



ocmtstaant, and t£* oarso vbo drawn tSswwgi tbs e^erSiaacfeaX 
poista* 

tfc&a flsjnaw.my' whs aala^ das to tasatead^ ^'fmem / ta i? 
Irjfciicatlo&a. Tlis ralUMA ««jwr«c.7 for tiasoa vasSlags **• 



*3 pa£^~&*xa9«* 9tfm% iMs aad® to ra&Jee- ti&s «*wef 

% oarasfoX «ts*$r a? tb» sooatnto «fc *11 strain looctUtioe. 
la t«* test xor 't£» 90° aad« of attact «fct*feaie, low air- 
op&od a&s tjso& in t2» viafl tser»l vith t&e rerolt that $£#5 



:j®0ol did sot v&a 






®a2 tito rjBXmacEBtcr rao&fc^p wp 



Sftaodw and aaRExtba* SSsis tsdioartaa tte possibility of 
dteta&aiGiS mra ascssrasto* dsta 1? tbs uodel inartsXXafctoc wsre> 



mtifM. nit’i a vlev to giaiaSaSat; a* *Xj>rt MBttag t£» vfea~ 



tics - 



As stoom «o tte gmcftk of ' o **» ‘JT «nt’ XXXf ace» 
mgaklv* “mtoa for H*p*is fore© «wra olMMI in ifet Ticini^r 
of v/y Q 3 Oii Ft^sro XVI this be reg^^att? as data 

ioaceaEoey* fr*fc on Fi^9»a XT3 for ©c r 2CP ifesse the data 
ernoars raXiabl-s, ^grecUM* a*p££*t f&Eoce ars cfeMaasd* 
*wvians Sssasti^getor© r**a*ta& aoro f^agms fare© tolar T/&_ 

U 

ratio© of .5, frit it is not tasn if thoir arfertns wm 
oapabla of saetewring naQatiw fsroeiJ# 

*So data for x • 5*^ of ’ igaso XXX Ml 4RpM9 mOMIb 
glTO erni&or r**a&t *&.iofr is iscoaais^c y£t2i tTsfiary, atr«S 
H»t is tae bio c'.'rnft* wStiah cxscr.: •* im&jy * « • • TV, 




Tcsxoa Irnolwcsa ann attfc&s ti» of to agatipaafe 

to* tfets i*rfcto3&:* to»t« Fnrtor 1* ««*•• 

«2£7 to es^lala tM* c^parast 

5!** center of pressure ao abtcttod. tess to «rx>r2i»a£ 
ipgvcMNt to. b® a tosotioa of rotational ■vcloei ty awgl© 

of attofe* Si effect of free straws ewikseity 00 , to center 
of r^tmoss^j locjsticn agsosrod to be huaIX* 2ba Tarrlttloa. la 
ike cam* of f-racBtcro 2aoattoi la gr caaqffl i^srijtloally 
£3 f.i$jfcr© 3K# £1 & 2 «ml it appears that at jcaaU, mt&m 
df ssd «t tot bis?*®* rotaiicnaX retoitl*. ■abera clr- 

ottZafcria** is 'sell drmikjpod^ tj» coster of zjxawnre solffcs 
forward vit& &jsra&«a& a t£U»s of sttset;, ka&ieatlssg ttsafc to 
ilow te*3® to ell$3 itself to <^Hofer at ao@tH 
a? attack tbas dbcr©asiosr tfto Mtortir eroscflor coc^oirot ' 
» tr to doiNBkMB asd* 

2a order to fiat sscy 1 firm img&arlt£ee switch crl#st 
asslet* the of F^fitro XEt ***» iks&b* It ciscsra 

tort j&ci&H# ®mk voI<3cltSoe mewt uo?cla£ij& da the i^srtroesa 
sitk> of the .jodol* iftQe sciJpGrostioei of Hew oocrJrg at to? csigle 
oa to> fejsssteeasi slcfe of to «m O »'J U Bo tiatorticn of flear 
&8® to rotstloa is visible, It d&oo amt; appear that thee® 
o^carfesooa bad «kj e£2eafc or the liogasss faroo* 

S ap w p al fta-erbacrs? ii&tch sara^r bee® as lari t. o cm the 
aoesresar of t£» esq&eriaaqftel ’ v 5«*i>XtSj, i*fr* jer; emlMBrtaA, 
vUl jjn» be aMfcioaaA* 
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Fig 33 7- Sha DOW& kaph op wooei- oupi/vg typical F g/v 
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A7 /ic-rt /Vum t>er = 
/ C7 / v 7 = &o j e?oo 
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witetia a -of tbs was c mtaa& M&x 

wmSk azdally iacidesit ee&sctties $a»tea& Qfc*teM&y (palmsOTetar 
S^LiocKticcMi which li&itod tbs acsi&ecy of :f*wnltlagfe» Tbs 
tibra&Sos of tb# aodai Izs&teed lay it© csn rotation was art & 
tr*$*eag& aad did xicrb affect- the gi&wasaawtesr TMfiicca* 
Bsawisr, a*sch Tibratlonc pocsslbijr bara sows effect c© 

the Gesxitlgmmte fm£<xsm&s& of tte aodteL* 

The nodal *%(g«rt ‘bloelastl aoos of tbs «ssfedso floir 
er« the feaae? of tb© model, tfips decrceeiog the c^sd loss so 
tlsst ws sso&sl canae ss Matter Hogans force then it vou3/2 g±*o 
ia fra© £tig£i£* 

ate efctMvt was weft* to correct for *U3»oX well efffeefc* 
Ibc-criere*© iu tbs tmaol with ©thr** models ±ad£c&£o* tbast 
tMe *Cftwri U snail* iactlser 2«9d£b&e isx^mrt&mmm effect ' 
tem oocars&d free* tbs model •appeertiqg asrs; tosmmm, 
tbs aodfel waas far st**%£s f^sj tbs «ras so ttefc tbs offset 
vaold be aeisXi^tCl&» 

In the t*st at «rs&X© of attach $>1% the boas of tte 
model w ifc&#fc X/^S lash ffcws the tansal wail. This psrrdMty 
of tiis nail ciiais^t^l ©td Xqnmmm due t© f_>Xll»gfc ami iatro- 
£md srjotber c-^r due to the ticraftl wall bosmdKr/ Isfer *£u u, 
with. its layer veloeitiws, would deereas® Hawaii# force, and 
to sord ecstaat cMpeaMfn for too elimination of X«> 

Che fast t?»t the os^orhsnfcal send tb&orot io*l omter ctf 
. t^aasur© locst&KX f«r this caao elonevl: .* dtaeftw tiro 



^affect off tto»9* error® sa amlM osse • ctlicr. 



TTi, OB(MSZ''J ! 

X* ' - ■ -*i r* • faro© for a lerifcr atailwr **> t*x> « 
tatjta »Mp o ccarr- itod t$r sksk* of the cnm --' n-TurD m. 

f . The *%v 5 r* feres for ejll-v.r -«X3y <fre.*v 
jt swell mwJUr* of utteeft; coann be 227 ateplifiM 

tv- -optical coa^^tatioriai. 

3 . *t vAj ratios beicsr .% *>»*» nagkt&ve of 

« p’3s are Til* i> < rtlraXy 

v;Hi theory not ia, a. obsub&I?, a re-: -a-bXs *MP&t« 

Ti* c*n-~ of $**<** r. 5 ®- 10G*«. » i» a f-Jtactior* of 
rotatiormi vaXoc^ c^d a! sf^-s-, end i« not san*&~ 

t'*© to , roe stress® T&lacity <v«- *= ■ » 

5, AC of 2-^ troaa X -* tto flea? &cr*k 

t& *U a £i 1W»I! vitife Lie xzL* e--‘ t *.• mini, Vs* Awrrw^Xn:; 
t'js ^efectiw. ~-^c*Xc*# O0MX»J*- w tj» io»«c*fc 7 ©«K. ®1 
tj- ga' oi* 

n. r c: :f c-.rx.j r. 

.: '•• .-a* ©1 poo.*i>iH „-* s tar fvotber iasoe*,'. *£ » > . • are 
-■CSK** 4 - 

1, - cod.-*fiaetlM9 af tje fee -,*o oC _<* *r «r®fr • 

«!£• ■ J * -o tac &LL 1 ai-toe - . -:> ~ . • -». : 



» Test# of ntaap*# sialism to mi. .-2* . 

> r*~ .r»r. scrjfiJ r*< ✓* «2Lio ftH^'-Wu© 'tie 

l*w ^ 7 9nc^ ^ilarstlon* 

tta***jk of tis* foro© In Uic 

*Ag -*t.io ntry i**Er- iJwamMMftGat ro^UItc weare 

©stained, 

.'* '^Toorctlml arsal^rsii of V£r ^r^Iasa o «jr->- 
<±temmml 0 sMBL f t4#©o**> fSaxlA flea? 

!>* Spjfc o c£ tin' of sfeMtf* jr, ts» rae^ricffis of 

t>* rotating rsrftooe* 

r . **& t!M(9«tl^stS«Q of ^larilsy mi i^carsr^ 
yai - lei s fe© -Jii-ongji t 2 *c ^**^7 Ssgrar tis© mxtel.* 

\ T«>tfPW< tiT <?■» *“t#a2 pps >' -•• s& 

la* s&rt&t ..* tbe <*£Ua3e^ v, : ^ 't I» 

•« Tact* wb s«- ,# ?oaroonlc r - TQs&HSi^r t2» 

fUgtei ft' -rtftl «!*«$&»», 

% TfePt* of e cyliadar v' -i lt» aria 
to U** o±r flrv tatidh cr^aoii / x **2*^ „lcaa. 
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**•» - ^*Vv,$a?2Sj » Cr,, S3^ ASSt*' 

I;. ^ilcy» ■ '«* -2111, Vv .or*. % Lac^=Cv V73*- t •* IT 

3, MMHa. n-ul ^ VoX, I an& II, «H|| 

33M, I* 5^, B> 21* 

-» fstoodtl, u* T le%6, .*j, Li^i; dfp jjgr > jtjsa* -auafaj 



\ *cx&4. xV.uafc* sri Go&sflrnU* IV* Wuar U r j sol ‘3'xrXU, 

X25-!| op* ~ Ttlart *•*" ^flXaterr, V~ V«3» A.* 

jfcn — u. r., X _ 



% Ulliw^ - rit ». - , ezitc. * r . ;• £, 

IfUUQ - o^Mi. *.*yxa%, -* Y , 

l, Hwf, Adtart* Xatsrwilact S:*. ijwifs, 

•* ,*i -V 4rt-W C*kS* «U« JM *'•»«•»'— •> ♦*** - . J . v_> <4AK*^ * ^**3* . - \m*+*+»«**+ 

i VL, >. fee* 
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Tliesis 11478 

.S679 Stefan 

Magnus effect on. 
a body of revolution 
at various angles of 
attack. jk 
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Magnus effect on a 



body of revolution at 
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